I -INTRODUCTION With t h e a v a i 1 a b i l i t y o f new i n t e r m e d i a t e energy p r o t o n beams and e l e c t r o n beams w i t h improved energy r e s o l u t i o n , t h e s t u d y o f s p i n degrees o f freedom i n n u c l e i has become one o f t h e most a c t i v e areas o f research i n n u c l e a r p h y s i c s . High r e s o l u t i o n backward e l e c t r o n s c a t t e r i n g ( I )
, charge exchange (p,n) r e a c t i o n s ( 2 ) , n u c l e a r resonance fluorescence ( 3 ) 
and p r o t o n i n e l a s t i c s c a t t e r i n g both a t low ( 4 ) and intermed i a t e energies ( 5 ) have allowed us t o a c q u i r e a d e t a i l e d knowledge on s p i n e x c i t a t i o n s t r e n g t h and on t h e degree t o which s p i n s a r e p a i r e d i n t h e n u c l e a r ground s t a t e . One o f t h e most i n t e r e s t i n g f e a t u r g w h i c h has emerged from t h e study o f e i t h e r t h e Gamow-Teller (G.T.) o r t h e M1 t r a n s i t i o n s i s t h a t a s i g n i f i c a n t f r a c t i o n o f t h e expected s t r e n g t h i s m i s s i n g i n medium and heavy n u c l e i . E q u a l l y as e x c i t i n g as these experimental d i s c o v e r i e s are t h e consequent t h e o r e t i c a l developments which seem t o open new p e r s p e c t i v e s beyond t h e scope o f conventional n u c l e a r (p-h) e x c i t a t i o n and
t h e i n c l u s i o n o f t h e A (1232) resonance degrees o f freedom i n low energy n u c l e a r processes ( 6 ) . However r e c e n t e l a b o r a t e c a l c u l a t i o n s ( 7 ) p o i n t o u t t h a t i n o r d e r t o e x p l a i n t h e m i s s i n g s t r e n g t h t h e second o r d e r core p o l a r i s a t i o n produced by s h o r t range t e n s o r f o r c e s i s found t o be as i m p o r t a n t as, and even i n some cases more important, than t h e i s o b a r c u r r e n t s . U n t i l r e c e n t l y , t h e r e had been a l o n g s t a n d i n g problem t o as why b o t h (e,el) and low energy ( p , p l ) experiments do n o t f i n d s u b s t a n t i a l M1 s t r e n g t h i n n u c l e i w i t h A > 60. T h i s s i t u a t i o n became even more p u z z l i n g when i n t e r m e d i a t e energy (p,n) r e a c t i o n s found l a r g e amount o f (G.T) s t r e n g t h i n a l l n u c l e i t i l l '08pb. The (p,pl) experiments ( 5 
) ( 8 ) performed a t t h e Orsay Synchrocyclotron a t 201 MeV w i t h a good energy r e s o l ut i o n (50 t o 60 keV) and t h e p o s s i b i l i t y o f d o i n g measurements a t angles as small as ZO, had r e s o l v e d t h i s problem by e x c i t i n g l a r g e M I resonances i n medium heavy n u c l e i .
A more r e c e n t emphasis has a r i s e d from t h e agreements and disagreements t h a t a r e observed i n t h e r e l a t i v e M1 s t r e n g t h d i s t r i b u t i o n s measured by d i f f e r e n t probes.
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By detailed comparisons, one can expect t o get a b e t t e r understanding of the spin degrees of freedom i n nuclei. In t h i s paper, ( p Y p t ) r e s u l t s obtained a t the Orsay Synchrocyclotron a t 201 MeV are presented. Comparisonswith the ( e y e 1 ) , ( 7 ,~' ) and the 65 MeV ( p , p t ) r e s u l t s are made.
I1 -REACTION MECHANISM
In the simple Shell Model, an M1 t r a n s i t i o n i s described as a single particle-hole (p-h) t r a n s i t i o n between unsaturated spin o r b i t partner levels i . e (j, = !L+1/2 + j, = !L-1/2). MI t r a n s i t i o n s involve a spin t r a n s f e r AS of one and an orbital momentum t r a n s f e r AL e i t h e r of zero o r two, resulting i n a t o t a ? spin t r a n s f e r AJ of+one without change i n the parity. (In even-even nuclei, Mltransitions lead t o 1 s t a t e s ) . Furthermore i f an isospin t r a n s f e r AT of one or zero (AT, = 0) i s involved, the transitions a r e called respectively isovector or isoscalar. The expression "MI t r a n s ition" properly refers only t o a t r a n s i t i o n induced by the electromagnetic M 1 operator (see 11, 4 ) , however l e t us, f o r convenience, extend i t t o a l l t r a n s i t i o n s involving the quantum number mentioned above. In i n e l a s t i c proton s c a t t e r i n g , the e f f e c t i v e interaction between the incoming proton and the t a r g e t nucleon can be parametrized in the following way ( 9 ) :
+ V~~(~~-U~) ( T I . T~)
where S12 i s the tensor term and V the coulomb term. In (p,n) reactions only the coyj isovector terms are present, i n (p,p the isoscalar terms a l s o contribute.
) Energy dependence
Taking the energy dependence of the nucleon-nucleon interaction given by Love and Franey ( l o ) , we have plotted in Fig. 1 , as a function of the bombarding energy and f o r the momentum t r a n s f e r q = 0, the square of the r a t i o between t-matrix elements i n the a r and i n the central spin independent channels.
The spin-isospin term to, decreases very slowly as one goes from 100 MeV t o 800 MeV, while the spin independent central p a r t t which i s the dominant term a t a l l energies, has a proflounced minimum f o r energies between 200 and 400 MeV. This i s the reason why around 200 MeV, s p i n -f l i p t r a n s i t i o n s are enhanced r e l a t i v e l y t o natural parity t r a n s i t i o n s . For proton bombarding energies 2w loo sa, Ep(MeV1 between 200 and 400 MeV and a t very small momentum t r a n s f e r , the M 1 t r a n s i t i o n operator reduces e s s e n t i a ll y t o the V, , term plus a central and a tensor isosca- Fig.1 : The energ dependence l a r spin f l i p term which a r e not completely negligible.
of l t o~l and itOf is taken
Nevertheless the inclusion of these terms makes only from r e f . 10. about a 20 % difference t o the calculated crosssection. I t i s then a reasonably good approximation t o say t h a t the ( p , p l ) reaction f o r exciting (AL = 0, AS = 1) s t a t e s i s dominated by the V, , term.
2) Angular d i s t r i b u t i o n s
Around 200 MeV, the angular distributions are very c h a r a c t e r i s t i c of the o r b i t a l momentum transfer. In f i a . 2 a r e plotted DWBA -a n y l a r d i s t r i b u t i o n s calculated with a surface peaked macroscopic form f a c t o r f o r several AL t r a n s f e r s . Only 'the AL = 0 t r a n s f e r has a forward peaked angular d i s t r i b u t i o n and i s therefore enhanced a t small angles, r e l a t i v e l y t o higher AL transfers.
A t lower bombarding e n e r g i e s (around 50 MeV), t h e angular d i s t r i b u t i o n s a r e much l e s s c h a r a c t e r i s t i c o f t h e A L -t r a n s f e r . A t i n t e r m e d i a t e energies, M1 t r a n s i t i o n s have a v e r y f o r w a r d peaked angular d i s t r i b u t i o n . T h i s i s seen c l e a r l y i n F i g . 3 where s p e c t r a from 51V(p,p1) ( P, P' ) ( 8 ) a r e shown a t l a b o r a t o r y angles o f 3' and 8O. The l a r g e M1 resonance, t h e analogue o f which has been r e c e n t l y observed i n a (p,n) r e a c t i o n ( 1 1 ) has p r a c t i c a l l y disappeared a t 8O. The measured a n g u l a r d (13) and ( e y e ' ) a t 30 MeV ( 1 ) .
A t 65 MeV, t h e c e n t r a l s p i n independent p a r t o f t h e i n t e r a c t i o n ( i . e . Vo) i s b y f a r the dominant term, l e a d i n g t o a l a c k o f s e l e c t i v i t y f o r s p i n -f l i p t r a n s i t i o n s . Consequently s e r i o u s d i f f i c u l t i e s i n s t u d y i n g 1+ s t a t e s a r i s e from t h e s t r o n g e x c i t at i o n o f a l a r g e number o f n a t u r a l p a r i t y s t a t e s , added t o t h e f a c t t h a t t h e a n~u l a r d i s t r i b u t i o n s a r e n o t very c h a r a c t e r i s t i c . However, t h e very good energy r e s o l u t i o n (10 t o 15 keV) a l l o w s t h e s e p a r a t i o n o f t h e s t r o n g e s t known 1+ s t a t e s . A t 201 MeV, the f a v o r a b l e i n c i d e n t energy combined w i t h t h e f a c t t h a t AL = 0 t r a n s f e r s a r e enhanced a t f o r w a r d angles leads t o t h e spectrum shown i n Fio. 4 where almost a l l t h e s t r u c t u r e s observed a r e 1+ s t a t e s . I n t h i s case t h e s e l e c t i v i t y f o r e x c i t i n g 1+ s t a t e s i s comparable t o t h a t o f t h e backward i n e l a s t i c e l e c t r o n s c a t t e r i n g ( g i v e n i n the l o w e r p a r t o f F i g . 4 ) . I n a d d i t i o n t h e r a t i o "peak t o continuum" i n t h e (p,pl) experiment i s almost t e n times l a r g e r than t h e r a t i o observed i n t h e (e,el) experiment.
) J~ a m b i g u i t i e s
A AL = 0 a n g u l a r
d i s t r i b u t i o n o n l y i m p l i e s t h a t t h e s p i n p a r i t y o f t h e e x c i t e d s t a t e ( i n even-even n u c l e i ) i s O+ o r 1+. I n the cases, where t h e M1 n a t u r e o f t h e observed t r a n s i t i o n i s n o t unambiauously determined by o t h e r h i g h l y s e l e c t i v e experiments l i k e ( 7 , y ' ) o r (e,el), l e t Ire b r i e f l y summarise t h e arguments t h a t a r e s e t f o r t h t o r u l e o u t t h e Ot n a t u r e :
The measured crosss e c t i o n f o r the 1+ resonance and a O+ s t a t e a r e compared t o d i f f er e n t t h e o r e t i c a l c a l c u l a t i o n s (see t e x t ) .
-i ) When a v a i l a b l e , t h e most c o n c l u s i v e i s o f course t h e non o b s e r v a t i o n o f such a t r a n s i t i o n
i n an ( a , a l ) experiment.
-i i ) I f t h e s t a t e were a o+, i t should have been e x c i t e d a t l o w e r i n c i d e n t e n e r g i e s as t h e c e n t r a l s p i n independent p a r t o f t h e i n t e r a c t i o n i s much s t r o n g e r than a t 200
MeV.
-7 i i ) I n l i g h t n u c l e i ( t i l l A = 60) where known O+ s t a t e s a r e observed, they g e n e r a l l y have a much steeper angular d
i s t r i b u t i o n than t h a t o f 1+ s t a t e s . T h i s i s t h e case i n 54Fe ( F i g . 5) where i n o r d e r t o reproduce the angular d i s t r i b ut i o n o f t h e 0' s t a t e , we have t o use a volume t r a n s i t i o n d e n s i t y i n t h e DVBA c a l c u l a t i o n . L i f e would have been e a s i e r i f we were t o deal o n l y w i t h t h e n u c l e a r i n t e r a c t i o n , b u t i t has been shown (14) t h a t 201 MeV p r o t o n i n e l a s t i c s c a t t e r i n q s t r o n q l v e x c i t e s I s o v e c t o r e l e c t r i c d i p o l e t r a n s i t i o n s -_thygugh-theec(l~l_omb-~_n_tgr_ac_tjg~. The angular d i s t r i b u t i o n s f o r such t r a n s i t i o n s a r e a l s o v e r y f o r w a r d .peaked. I n 1 i a h t n u c l e i . t h e ( E l , AT 1) coulomb e x c i t e d angular d i s t r i b u t i o n i s much steeper than t h e 1+ a n g u l a r d i s t r i b u t i o n
!see F i g . 5 ) . However as We move t o h e a v i e r n u c l e i b o t h a n g u l a r d i s t r i b u t i o n s become almost i d e n t i c a l a t f o r w a r d angles.
The b e s t way t o handle t h e Coulomb e x c i t e d 1-s t a t e s , i s t o use, when a v a i l a b l e t h e r e s u l t s o f t h e very n i c e (T,yl) measurements ( 3 ) . From t h e e x c i t a t i o n energy and t h e d e -e x c i t a t i o n w i d t h ( r o ) o f t h e 1-s t a t e , r e p o r t e d i n t h e (?,y1) experiment, t h e t r a n s i t i o n p r o b a b i l i t y B(E1) i s deduced; usin! t h e code ECIS 79 (15) one i s a b l e t o p r e d i c t v e r y a c c u r a t e l y t h e ( p , p l ) crgss s e c t i o n s f o r t h i s 1-s t a t e . We s h a l l see t h a t i n l i g h t n u c l e i , t h e s t r o n g e s t 1 s t a t e s r e p o r t e d i n ( y , y l ) r e a c t i o n s , have (p,pl j c r o s s -s e c t i o n s a t t h e l i m i t o f d e t e c t a b i l i t y .
I n h e a v i e r n u c l e i l i k e 208Pb, the s~t u a t i o n i s q u i t e d i f f e r e n t and a t f o r w a r d angles, almost a l l t h e dominant peaks a r e due t o ( E l , AT = 1) t r a n s i t i o n s .
) Comparison w i t h ( e , e l ) and (;,y' ) r e s u l t s F o r e l e c t r o m a g n e t i c i n t e r a c t i o n s , t h e MI o p e r a t o r i n c l u d e s b o t h a s p i n and an o r b i t a l term :
A Q ( M~) =C gS + 9 , k = l whereas i n (p,pl) s c a t t e r i n g a t forward angles and a t 200 MeV, o n l y the s p i n t e r m o~ c o n t r i b u t e s . Only i n t h e cases o f pure neutron e x c i t a t i o n s , t h e o r b i t a l term digappears i n t h e e l e c t r o m a g n e t i c M1 o p e r a t o r , t h e n t h s r e s h o u l d be a c l o s e analogy between t h e r e l a t i v e s t r e n g t h s observed i n (e,el) o r ( y , y l ) and ( p , p l ) .
I n general b o t h p r o t o n and n e u t r o n e x c i t a t i o n s c o n t r i b u t e and as t h e r e l a t i v e w e i g h t o f t h e v a r i o u s c o n t r i b u t i o n s t o t h e M1 t r a n s i t i o n vary from s t a t e t o s t a t e , one should expect t o observe d i f f e r e n c e s i n t h e r e l a t i v e s t r e n g t h d i s t r i b u t i o n s . Such d i
f f e r e nces can, i n p r i n c i p l e , be used t o e x t r a c t i n f o r m a t i o n on t h e n a t u r e o f p a r t i c u l a r t r a n s i t i o n s .
5 ) The observed s t r e n g t h
Concerning t h e observed 1' s t r e n g t h i n ( p , p l ) experiments, l e t us review t h e main sources o f u n c e r t a i n t i e s .
G e n e r a l l y t h e observed M1 e x c i t a t i o n s appear on t h e t o p o f a continuum, t h e shape and t h e h e i g h t of which must be estimated i n o r d e r t o e x t r a c t t h e 1+ cross s e c t i o n s . Continuum c a l c u l a t i o n s l i k e those done by O s t e r f e l d (16) f o r (p,n) r e a c t i o n s , u n f o r t u n a t e l y a r e p r e s e n t l y n o t a v a i l a b l e f o r (p,pl) r e a c t i o n s . Thus t h e usual procedure o f drawing an e m p i r i c a l smooth continuum i s adopted. This k i n d o f background s u b t r a c t i o n can i n t r o d u c e i n t h e case o f broad resonances experimental u n c e r t a i n t i e s as l a r g e as 20 %. We can a l s o miss v e r y fragmented s t r e n g t h below our l i m i t o f d e t e c t a b i l i t y . I n (p,n) r e a c t i o n s , t h e measured G.T. s t r e n g t h can be compared t o a model independent Sum Rule ( 1 7 ) . T h i s i s n o t t h e case i n (p,pl) r e a c t i o n s where t h e p r e d i c t e d s t r e n g t h i s s t r o n g l y model dependent. The a n a l y s i s i s done w i t h i n t h e D i s t o r d e d Wave Impulse Approximation (D.W. 1.A) u s i n g t h e f o l l o w i n g i n a r e d i e n t s : i ) an o p t i c a l p o t e n t i a l ; i i ) a nucleon-nucleon i n t e r a c t i o n o r phase s h i f t s , i i i ) a model wave f u n c t i o n . I t i s i n t h e l a t t e r i n g r e d i e n t t h a t t h e s t r o n a model dependence e n t e r s . By comparing t h e measured cross s e c t i o n s t o t h e c a l c u l a t e d ones,
we deduce how much s t r e n g t h i s observed.
I 1 1 -EXPERIMENTAL RESULTS
1 ) The Calcium i s o t o p e s .
F o l l o w i n g t h e pure independent p a r t i c l e s h e l l model, no M1 t r a n s i t i o n s s h o u l d o c c u r i n " '~a because t h e s h e l l s o f b o t h s p i n o r b i t p a r t n e r s a r e f i l l e d . When we proceed from 42Ca t o 48Ca, as we f i l l t h e f 7 / 2 n e u t r o n s h e l l , s t r o n g e r and s t r o n g e r .
.
[v(fgI2, f;j2)11+ t r a n s i t i o n s a r e expected, w i t h a maximum i n where t h e f7,2 neutrbn s h e l l i s closed. The very n i c e (e,el) d a t a taken a t Darmstatd (18) on t h e c a l c i u m i s o t o p e s have prompted ( p , p l ) measurements on t h e same n u c l e i ( 1 9 ) . The s p e c t r a o b t a i n e d a t 201 MeV a r e shown i n F i g . 6.
"*Ca :The h i g h s e l e c t i v i t y o f t h e (p,pl) r e a c t i o n a t 201 MeV i s seen i n t h e l o w e r par? of F i g . 6, where a t 3' a p a r t f r o m t h e s i n g l e s t r o n g 1+ s t a t e a t 10.22 MeV, no o t h e r s t r u c t u r e i s observed. The s t r o n g I+ s t a t e was f i r s t observed i n backward annle e l e c t r o n s c a t t e r i n g ( 1 8 ) . I n t h e p r e s e n t experiment t h e r a t i o peak t o continuum a t forward angles i s about e i g h t times g r e a t e r than t h e same r a t i o observed i n t h e ( e , e l ) experiment. I n a d d i t i o n t o t h e 10.22 MeV s t a t e , weak 1' s t a t e s have been r e p o r t e d (18) . I n a (p,pl) r e a c t i o n a t 65 MeV (4), a 1 ' s t a t e i s r e p o r t e d a t 9.0 KeV !ith about 10 % of t h e s t r e n g t h of t h e 10.22 MeV s t a t e . T h i s s t a t e i s n o t observed I n t h e p r e s e n t experiment done w i t h very good s t a t i s t i c s . Furthermore, no o t h e r d e f i n i t e 1+ s t a t e has been i d e n t i f i e d , t h e p o s s i b l e a d d i t i o n n a l 1+ s t r e n g t h , s p r e a d i n small peaks between 7 and 13 MeV o f e x c i t a t i o n energy, corresponds a t most t o 35 % o f t h e s t r e n g t h observed i n t h e 10.22 MeV s t a t e . ( 9 ) and RESEDA (22) codes. I n t h e DWBA 70 c a l c u l a t i o n , t h e f u l l Love and Franey paramet r i z a t i o n o f t h e nucleon-nucleon i n t e r a c t i o n a t 210 MeV (10) was used w i t h an e x a c t treatment o f t h e exchange terms. The RESEDA c a l c u l a t i o n s were done w i t h t h e nucleonnucleon phase s h i f t s f r o m t h e PARIS p o t e n t i a l (23) . Using t h e simple wave f u n c t i o n [~( f~,~, f;:2)1*1-, t h e RESEDA c a l c u l a t i o n f i t s t h e data b e t t e r than t h e DWBA 70
"Ca i s t h e i d e a l case t o s t u d y t h e m i s s i n g M 1 s t r e n g t h because : i ) as we have a s t r o n g sharp 1+ s t a t e , t h e r e i s l i t t l e ambiguity i n t h e background s u b t r a c t i o n and
t h e experimental cross s e c t i o n s can be o b t a i n e d q u i t e a c c u r a t e l y , i i ) 48Ca i s b e l i e v e d t o have a s i m p l e s t r u c t u r e and r e a l i s t i c wave f u n c t i o n s are a v a i l a b l e ( 2 1 ) . I n f i g . 7, t h e measured c r o s s s e c t i o n s f o r t h e 1' s t a t e a t 10.22 MeV i s compared t o several m i c r o s c o p i c d i s t o r d e d wave c a l c u l a t i o n s c a r r i e d o u t u s i n g b o t h DWBA70
c a l c u l a t i o n , however, i n o r d e r t o match t h e d a t a b o t h c a l c u l a t i o n s , have been normalized-by N = 0.22. I f we t a k e a f u l l f -p s h e l l wave f u n c t i o n ( 2 1 ) , t h e n o r m a l iz a t i o n f a c t o r becomes 0.30. More r e c e n t l y a f u r t h e r DWBA 70 c a l c u l a t i o n was made w i t h a new s e t o f unpublished parameters f r o m Love and Franey (241, i t g i v e s a v a l u e o f N equal t o 0.33. We see i n F i g . 7, t h a t a l l t h e c a l c u l a t i o n s f a i l t o reproduce t h e d a t a beyond 10'. One p o s s i b l e e x p l a n a t i o n f o r t h i s discrepancy i s t h e presence of l e v e l s o f h i g h e r m u l t i p o l a r i t y v e r y c l o s e t o t h e 10.22 FeV s t a t e (20) (25) which have n o t been r e s o l v e d a t l a r g e angles, i n t h i s experiment. Concerning t h e observed s t r e n g t h , i f we r e s t r i c t ourselves t o t h e s t r o n g s t a t e a t 10.22 MeV, o n l y 30 t o 33 % o f t h e p r e d i c t e d s t r e n g t h i s observed. I f we add t h e p o s s i b l e 1' s t a t e s , spread between 7 and 13 MeV o f e x c i t a t i o n energy, the t o t a l measured 1+ s t r e n g t h sums up atmost t o 40 % o f the p r e d i c t e d one. For a more complete d i s c u s s i o n about the m i s s i n g 1' s t r e n g t h i n 48Ca, see r e f e r e n c e 19).
'+OCa : I n agreement w i t h ( e y e 1 ) , a 1+ s t a t e a t 10.32 MeV i s c l e a r l y e x c i t e d a t
----forward angles and has a AL = 0 angular d i s t r i b u t i o n . T h i s s t a t e i s e x p l a i n e d i n terms o f ground s t a t e c o r r e l a t i o n s . Another s t a t e w i t h the same angular d i s t r i b u t i o n i s e x c i t e d a t 12.04 MeV. The 1+ as.signment i s i n c o n s i s t e n t w i t h t h e non o b s e r v a t i o n o f t h i s l e v e l i n the (e,el) r e a c t i o n . Furthermore, i n a r e c e n t (a,al) r e a c t i o n (26), no s t r o n g 0' s t a t e i s e x c i t e d a t t h e same energy. The nature o f t h i s 12.04 MeV s t a t e o b v i o u s l y r e q u i r e s f u r t h e r c l a r i f i c a t i o n . 42Ca-44Ca : I n these two isotopes, c o n t r a r y t o what one m i g h t have expected from t h e simpie-independent p a r t i c l e s h e l l model, no s t r o n g 1 ' s t a t e i s observed. W e see i n F i g . 6 t h a t a p a r t from t h e contaminant oxygen and carbon peaks, t h e s p e c t r a do n o t e x h i b i t any s t r o n g s t a t e . The small peaks which a r e p o s s i b l e 1+ s t a t e s are denoted by arrows. I n 42Ca, t h e (e,el) experiment r e p o r t s o n l y one s t r o n g 1+ s t a t e a t 11.235 MeV having a s t r e n g t h o f about 1/7 o f t h a t o f t h e 1+ s t a t e i n 48Ca. I n t h e p r e s e n t (p,pl) experiment, such a s t a t e i s n o t observed, t h e upper l i m i t on t h e cross s e c t i o n s f o r a s t a t e a t 11.24 MeV would be o f about 1/30 o f t h e s t r e n g t h o f t h e 1+ s t a t e i n 48Ca. T h i s r e s u l t i s i n agreement w i t h t h e 42Ca(p,n) experiment (27) where no analogue o f t h e 11.24 MeV s t a t e i s observed. Furthermore, i n t h e p r e s e n t (p,pl) experiment, o t h e r weak 1 ' s t a t e s are e x c i t e d r e s p e c t i v e l y a t 10.08, 10.24 and 11.40 MeV. The two c l o s e l y i n g peaks a t 10.08 and 10.24 MeV may be t h e p a r e n t s t a t e s o f t h e 1+ l e v e l seen i n t h e 42Ca(p,n) r e a c t i o n ( 2 7 ) . The known 0' s t a t e a t 5.87 MeV has an angular d i s t r i b u t i o n much steeper than t h a t o f t h e 1' s t a t e s . I n 44Ca, t h e 1' s t r e n g t h i
s v e r y fragmented. Very weak 1' s t a t e s a r e observed a t 7.60, 8.73, 9.01, 9.42, 10.01, 10.25 and 10.58 MeV. This l i s t i s p r e l i m i n a r y and n o t exhaustive (28). A11 these s t a t e s have t h e same angular d i s t r i b u t i o n as t h e 1 ' s t a t e i n '8Ca. Again, as i n "Ca, the known 0' s t a t e a t 5.86 MeV has a much steeper angular d i s t r i b u t i o n . These known 0' s t a t e s i l l u s t r a t e t h e d i s c u s s i o n given i n s e c t i o n 11, 2 ) , i i i ) .
2) The N = 28 Isotones
The N = 28 n u c l e i have been e
x t e n s i v e l y s t u d i e d by (e,el) ( I ) , ( 3 ) and low energy (p,pl) ( 4 ) r e a c t i o n s . I n a d d i t i o n s h e l l model c a l c u l a t i o n s by Metsch and Knupfer (29) a r e a v a i l a b l e f o r a l l these i s o t o n e s . I t i s i n t e r e s t i n g t o observe the e f f e c t o f adding e x t r a p r o t o n s t o t h e f s h e l l w h i l e keeping t h e neutron number constant a t 28 . Spectra fro111 5 0 T i , 5 2~r 7 i 6 d ' '~e taken a t 3' i n t h e 201 MeV (p,pl) r e a c t i o n a r e shown i n F i g . 8, t o g e t h e r w i t h a "Ca spectrum f o r comparison. For a l l the t a r g e t s , n e a r l y a l l t h e s t a t e s observed a t small angles between 8 and 15 MeV e x c i t a t i o n energy have a forward peaked angular d i s t r i b u t i o n and have been i d e n t if i e d as 1 ' s t a t e s . This i l l u s t r a t e s once more t h e h i g h s e l e c t i v i t y o f 200 MeV p r o t o n s c a t t e r i n g f o r s p i n -f l i p t r a n s i t i o n s .
As one adds protons i n t h e f7,2 s h e l l i n moving t o 5'+Fe, t h e 1' s t r e n g t h which 1 appears i n 48Ca i n a s i n g l e s t a t e (mainly due t o ~(f~,-~, f j / 2 ) e x c i t a t i o n ) s p l i t s up i n t o many s t a t e s . I n ''Ti, two c l u s t e r s o f s t a t e s a r e C l e a r l y v i s i b l e i n F i g . 8.
Near 10 MeV, t h e r e a r e a t l e a s t seven s t a t e s ; t h e more i m p o r t a n t ones have already been r e p o r t e d i n the (p,pl) experiment a t 65 MeV (4) and i n t h e (e,el) experiment (1) . ---values e x t r a c t e d from i n e l a s t i c e l e c t r o n s c a t t e r i n g (30) . For the states described by 15 lo E, (MeV) neutron s p i n -f l i p configurations, the agreement i s aui t e aood. For the Droton s~i n -f l i p I n 5 2 C r and 54Fe, the s p l i t t i n p o f t h e s t r e n g t h i s more pronounced than i n 5 0~i , though i t i s no more possible t o groupe the s t a t e s i n t o proton and neutron configurations. The eneroies >, 1 5 -1020 o f t h e main peaks are i n good aareement w i t h -r 68 states, due to-the o r b i t a l term invoived i n ' the w i l l be published s h o r t l y (13). Another i n t er e s t i n g case i s 51V which has three protons on the f s h e l l . I n (p,pl) s c a t t e r i n g a t 201 MeV (8), a strong bump w i t h some f i n e s t r u c i u ? & i s observed centered a t 10.15 MeV e x c i t a t i o n energy w i t h a width a t h a l f maximum o f about 1.35 MeV (Fig.10 The analogue o f t h i s resonance has been observed i n a (p,n) r e a c t i o n (11). The (e,el) spectrum (31) i s shown f o r comparison i n Fig. 10 . I n s p i t e o f a close search, no M I s t r e n t h a t a l l i s observed i n the (e,el) experiment ! This complete discre-9 pancy f o r V contrast sharply w i t h the q u a l i t a t i v e agreement obtained f o r the neighbouring even-even ( N = 28) n u c l e i . It has been suggested (31) t h a t i n the (e,el) r e a c t i o n , the d e s t r u c t i v e i n t e r f e r e n c e between t h e o r b i t a l and t h e s p i n term i s i n p a r t responsible f o r the non observation o f the M1 resonance. The M 1 resonance can a l s o be simply missed below the l i m i t o f detection because o f a poor peak t o continuum r a t i o . Discrepancy between (e,el) t h e (e,el) experiment (30) a r e i n dashed (31) and (p,pl) 58) concerning t h e l i n e .
The c e n t r o i d energy o f these s t a t e s as w e l l as t h e i r summed c r o s s s e c t i o n i s very c l o s e t o those of t h e 48Ca 1' s t a t e . Thus, a l l t h e s t a t e s i n t h i s c l u s t e r can -1 be considered t o a r i s e m a i n l y from t h e s p l i t t i n g o f t h e ~( f~/~, f 7 / ? ) c o n f i g u r a t i o n . Around 8.5 MeV, t h e r e are a t l e a s t f o u r 1 ' s t a t e s . Only t h e most s t r o n g l y e x c i t e d one a t 8.56 MeV has been r e p o r t e d i n o t h e r experiments. This c l u s t e r o f s t a t e s i s p r e d i c t e d by t h e model t o a r i s e m a i n l y from p r o t o n e x c i t a t i o n o f t h e t y p e
M1 Resonance i n 'V.
3) 9 0 Z r and pA.4 The f i r s t medium heavy nucleus for which an M1 resonance was observed i n ( p , p t ) ( 5 ) s c a t t e r i n g was 'OZr. A l a r g e bump was l o c a t e d a t an e x c i t a t i o n energy o f 8.9 ? 0.2 MeV w i t h a w i d t h a t h a l f maximum o f 1.5 ? 0.2 MeV. The e x c i t a t i o n energy o f t h e M1 resonance i n 9 0 Z r agrees w i t h t h e expected value b o t h from t h e t h e o r e t i c a l p r e d i ct i o n o f Bertsch (32) and from t h e p o s i t i o n o f t h e analo@ue s t a t e observed i n the (p,n) r e a c t i o n . The (e,el) experiments (33) do n o t agree w i t h t h e o b s e r v a t i o n of a broad resonance, they i n s t e a d i d e n t i f y o n l y t h r e e d e f i n i t e 1 ' s t a t e s r e s p e c t i v e l y a t 8.23, 9.00 and 9.37 MeV and seven o t h e r p o s s i b l e (1' o r 2-) s t a t e s . I n a r e c e n t (p,pl) experiment a t LAMPF (34) t h e resonance has been analysed i n t o several i n d i v i d u a l peaks showing t h a t i n agreement w i t h (e,et ), t h e 9.0 MeV e x c i t ati on energy r e g i o n shows c o n s i d e r f b l e f i n e s t r u c t u r e b u t c o n s i s t e n t d i sagreements s t i l l remain. I n t h e present (p,p ) experiment, done w i t h very good s t a t i s t i c s and an energy r e s o l u t i o n o f 60 keV, f i n e s t r u c t u r e s a r e observed on t h e bump, they a r e denoted by arrows i n t h e spectrum g i v e n i n F i g . 11. Some o f t h e s t r u c t u r e s correspond t o t h e r e p o r t e d (e,el) t r a n s i t i o n s , however i n s p i t e o f t h e good energy r e s o l u t i o n , no d e f i n i t e peak can be c l e a r l y i s o l a t e d i n t h e bump. Once again, concerning a broad resonance, we have s t r o n g disagreements w i t h (e,el ) r e s u l t s . one can observe t h e low enerGy M l t r a n s i t i o n a t 3.48 MeV and a t h i g h e r energy, a broad resonance centered a t 8.90 + 0.15 MeV. Compared t o OZr, many f i n e s t r u c t u r e s c l e a r l y appear on the resonance, r e s p e c t i v e l y a t 8.65, 9.05, 9.30 and 9.47 MeV e x c i t a t i o n energy. E l e c t r o n s c a t t e r i n g measurements i n t h i s e x c i t a t i o n energy r e g i o n would be o f g r e a t i n t e r e s t f o r comparison. The summed cross s e c t i o n (I) f o r t h e resonance and the superposed s t r u c t u r e s has, w i t h i n t h e experimental u n c e r t a i n t i e s , t h e same value as t h e resonance i n 'OZr. Assuming a simple ~( g~,~, g i j 2 ) c o n f i g u r at i o n , the angular d i s t r i b u t i o n has been f i t t e d by a DWIA c a l c u l a t i o n (Fig.17 ) . About 30 % o f t h e p r e d i c t e d s t r e n g t h i s observed. For the 1 ' s t a t e a t 3.48 MeV, a DWIA c a l c u l a t i o n , u s i n g a BROKEN PAIR MODEL wave f u n c t i o n (36) i s given i n Fig.12 . F u r t h e r a n a l y s i s a r e a c t u a l l y under progress.
4) The c o n t r o v e r s i a l case o f 208Pb
The m i s s i n g M1 s t r e n g t h i n 2 0 8~b has been a c o n t r o v e r s i a l and a l o n g s t a n d i n g problem. I n a r e c e n t (T,yl) experiment (37), t h e e x i s t e n c e o f a low l y i n g 1 ' s t a t e a t 5.846 MeV has been e s t a b l i s h e d . This 1' s t a t e has a l s o been observed i n low energy (p,pt ) (38) and (e,el) (39) r e a c t i o n s . I n Ficj. 13, i s given a spectrum o b t a i n e d i n a very r e c e n t (p,pl) measurement done a t 201 MeV. C o n t r a r i l y t o the o t h e r cases presented, the 08Pb spectrum a t forward angles i s mainly dominated by s t r o n g (lL,AT = 1 ) s t a t e s e x c i t e d through t h e Coulomb i n t e r a c t i o n . A t h i g h e x c i t a t i o n energy, we observe t h e l a r g e Giant D i p o l e Resonance and a t low e x c i t a t i o n energy, t h e s t r o n g e s t 1-s t a t e s already r e p o r t e d i n t h e (f , y t ) experiment.
I n F i g . 14, we see how a c c u r a t e l y t h e p r e d i c t e d ( p , p t ) angular d i s t r i b u t i o n f i t s t h e measured Dne f o r t h e s t r o n g 1-s t a t e a t 5.514 PeV. Concerning t h e 1 ' s t a t e a t 5.846 MeV, t h e r e a r e two p o s s i b l e wave f u n c t i o n s which l e a d t o e i t h e r an " i s o s c a l a r " o r an " i s o v e c t o r " n a t u r e f o r t h i s s t a t e (39) . We have analysed the p r e s e n t (p,pl) r e s u l t s w i t h the two c o n f i g u r a t i o n s . We see i n F i g . normalized by 0.71. B e t t e r d e s c r i p t i o n s f o r t h i s s t a t e are needed i n o r d e r t o be sure about t h e m i s s i n g s t r e n g t h i n t h e i s o s c a l a r channel. A f u r t h e r argument i n favour o f t n e i s o s c a l a r n a t u r e o f t h i s s t a t e i s given i n a (d,dl) experiment, where t h i s s t a t e i s observed (38 b ) . The p r e s e n t (p,pl) r e s u l t s a r e p r e l i m i n a r y and d e t a i l e d a n a l y s i s o f t h e e x c i t a t i o n energy r e g i o n from 7 t o 10 MeV i s under progress.
I V -SUMMARY AND CONCLUSION I n t e r m e d i a t e energy (p,pl) s c a t t e r i n g a t forward angles appears t o be h i g h l y select i v e f o r e x c i t i n g s p i n -f l i p t r a n s i t i o n s . The s t r o n g enhancement o f the observed s t r u c t u r e s o r resonances f o r bombarding energies near 200 MeV i s c o n s i s t e n t w i t h M1 t r a n s i t i o n s mediated e s s e n t i a l l y through the V p a r t o f t h e nucleon-nucl eon i n t e r a c t i o n . A l l the observed t r a n s i t i o n s have a ?&ward peaked angular di+stribution, c h a r a c t e r i s t i c o f a AL = 0 t r a n s f e r . I n 1 i g h t n u c l e i by comparison w i t h (y,y ) r e s u l t s , i t i s shown t h a t no s t r o n g ( I -, AT = 1 ) s t a t e i s e x c i t e d . The s i t u a t i o n i s however d i f f e r e n t i n heavy n u c l e i where E l t r a n s i t i o n s e x c i t e d through t h e Coulomb i n t e r a c t i o n , a r e dominant. I n n u c l e i where the M 1 t r a n s i t i o n s appear as Tine s t r u ct u r e s o r peaks i n the (p,pl) experiment, t h e r e i s an o v e r a l l agreement w i t h (e,el) r e s u l t s . I n o p p o s i t i o n , when broad M1 resonances a r e r e p o r t e d i n (p,pl), no such resonances are seen i n (e,el) ; t h e c l e a r e s t base being t h a t o f V. Although i n (p,pl) t h e p r e d i c t e d s t r e n g t h i s s t r o n g l y model dependent and no t h e o r e t i c a l calcul a t~o n f o r the continuum i s a c t u a l l y available, "Ca appears as t h e i d e a l case t o s t u d y t h e m i s s i n g s t r e n g t h , a t most 40 % o f t h e p r e d i c t e d s t r e n g t h i s observed i n t h i s nucleus. I n almost a l l t h e o t h e r n u c l e i studied, o n l y 25 t o 30 % o f t h e expected s t r e n g t h i s observed. T h i s i s s m a l l e r than the 50 % r e p o r t e d i n t h e (p,n) r e a c t i o n s , however we must keep i n mind t h a t ( p , p l i r e a c t i o n s a r e much more s e n s i t i v e t o t h e c o r r e l a t i o n s i n t h e ground s t a t e . I n 2 0 Pb, the 1' s t a t e a t 5.846 MeV i s observed and d e t a i l e d a n a l y s i s o f t h e h i g h e r e x c i t a t i o n energy r e g i o n i s p r e s e n t l y i n progress.
V -ACKNOWLEDGEMENTS
The r e s u l t s discussed i n t h i s paper are a r e s u l t o f t h e c o l l a b o r a t i o n o f many people. The (p,p ) experiment was done i n an ORSAY-VRIJE U n i v e r s i t e i t c o l l a b o r a t i o n .
